Fungal communities were isolated from surface sterilized leaf segments of nine ethnopharmaceutically important medicinal herbs collected from the Bhadra River Project Area, the Malnad region, Southern India. A total of 2159 isolates belonging to 55 different fungal species were isolated from 3600 leaf segments collected during the wet and dry seasons. Chaetomium globosum (7.3%), Aureobasidium pullulans (6.1%), Cladosporium cladosporioides (3.9%), Curvularia lunata (1.9%), Nigrospora oryzae (1.7%), Alternaria alternata (1.3%), Botryosphaeria subglobosa (1.1%), Phoma multirostrata (0.9%), Aspergillus niger (0.8%), Fusarium oxysporum (0.7%), Rhizoctonia solani (0.4%), and Sphaeropsis sapenea (0.3%) were the most frequently isolated fungal species. Colonization rates of fungal species varied significantly between the two seasons. Host specificity was observed in some host plants.
Plant and microbial symbiotic interactions and how these interactions influence plant communities and environments have been well explored 6, 10, 22) . Rhizospheric and mycorrhizal associations play a major role in physiological and biochemical properties owing to the growth and ecological fitness of hosts 15) . Microbes like bacteria and fungi which live inside healthy plant tissues without causing apparent symptoms, known as endophytes 33) are also known to form mutually beneficial relationships with their hosts 23) . Being mutualists, these microbial populations are known to be beneficial to host plants by enhancing the absorption of soil nutrients such as phosphorus and other inorganic elements, nitrogen-fixing efficiency 38, 43) and plant growth with the production of hormones like auxins, abscisins, ethylene, gibberellins, and kinetins 20, 29) . They provide protection to their hosts against insect pests 27) , herbivores 11) , and microbial pathogens 39, 42, 44) . Fungi present in healthy tissues of plants can promote the invasion of host plant communities with greater species diversity 37) and alter the nutrient cycle in individual plants 18) and in ecosystems 24) . The isolation and characterization of fungal communities will help us to estimate the diversity of fungi 2) , since the true scale of fungi is open to debate 21, 26) . Most importantly, fungi isolated from healthy tissues may be a source of various secondary metabolites, alkaloids, and biologically active compounds 35, 45) . Bacterial endophytes have been screened from many agricultural, horticultural and forest plant species 1, 23, 25, 28) . In India, medicinal plants have long been used in the ailment of various diseases. In view of the importance of microbial populations which live inside healthy plant tissues, we investigated the distribution of fungal communities and seasonal colonization patterns in medicinal herbs of the Malnad Region, Karnataka state, Southern India.
Materials and methods

Sample collection
The leaf samples of Catharanthus roseus India, which is a part of the Western Ghat region, a hot spot of global biodiversity. Geologically this area located at 810 m above sea level consists of red sandy loam soil having precipitation of 1500-2500 mm/annum with moist mixed deciduous forest. The temperature ranged from 13 to 34°C during the wet season and 19 to 38°C during the dry season. Ten individual plants were selected for each plant species, all distributed within a distance of one kilometer. Twenty leaf segments/individual plant/season were examined for fungal assemblage.
Isolation of fungal species
Apparently healthy looking leaves were collected, brought in sterile polythene bags to the laboratory, and processed within 24 h of collection. Surface sterilization of samples was done by cleaning leaves under running tap water and cutting them into 2 mm 2 segments followed by stepwise washing with 70% ethanol for 2 minutes, sodium hypochlorite solution (0.5%) for 5 minutes, and 70% ethanol for 30 sec followed by two rinses in sterile distilled water. Leaf segments were placed on 9-cm petri plates containing potato dextrose agar (PDA) medium amended with streptomycin (250 mg/ L) to suppress bacterial growth. The efficacy of the sterilization was confirmed by pressing the sterilized leaf segments on to the surface of PDA medium. The absence of growth of any fungi on the medium confirmed that the sterilization procedure was effective in removing the fungi 41) . Petri plates were incubated in a light chamber at 28±1°C for 1 to 12 days. Fungi growing out from the leaf segments were subsequently transferred onto fresh PDA plates. After the purification of isolates several times, final pure cultures were transferred on to fresh PDA slants in test tubes. Fungal populations Absidia glauca Hag em -
Cr-Catharanthus roseus; Ws-Withania somnifera; Ca-Centella asiatica; Rs-Rauwolfia serpentina; Ct-Cassia tora; Pa-Phyllanthus amarus; CarColeus aromaticus; Td-Tridax procumbens; Hi-Hemidesmus indicus Data based on 400 leaf segments (i.e., 200 segments/plant/season) growing from cut ends of leaf segments were identified on the basis of cultural characteristics and the morphology of fruiting bodies and spores 4, 46, 48) . Cultures that failed to sporulate were recorded as sterile and given a specific code. Two collections were made in each season. From each medicinal herb species, 200 segments/season were tested for fungal assemblages.
Data analysis
The colonization rate of fungi was determined as the total number of segments yielding1 isolate in a plant divided by the total number of segments incubated in that plant 32) . The frequency of colonization of fungi was calculated as the number of segments yielding a given fungus divided by the total number of segments incubated. The difference in the extent of colonization of fungi among the medicinal plants was determined by Kruskal Wallis method 19) . Differences in the colonization frequency of fungi recovered between the two seasons were analyzed with the Wilcoxon Signed Rank test. The Shannon-Wiener diversity index (H 1 ) and evenness index (J 1 ) were computed to determine the species diversity of fungi 50) .
Results and Discussion
A total of 2159 isolates belonging to 55 different fungal species were recovered from 3600 leaf segments incubated from 9 medicinal herbs (Table 1) . These isolates belonged to class Hyphomycetes (24.0%), Coelomycetes (19.8%), Ascomycetes (11.7%), Zygomycetes (0.5%), and sterile forms (4.2%) (Fig. 1) . Chaetomium globosum (7.3%), Aureobasidium pullulans (6.1%), Cladosporium cladosporioides (3.9%), Curvularia lunata (1.9%), Alternaria alternata (1.3%), Nigrospora oryzae (1.7%), Botryosphaeria subglobosa (1.1%), Phoma multirostrata (0.9%), Aspergillus niger (0.8%), Fusarium oxysporum (0.7%), Rhizoctonia solani (0.4%) and Sphaeropsis sapenea (0.3%) were the most frequently isolated species. Most of the fungi isolated in this study were known to have a wide range of host plants in the tropics 3, 14, 36, 47) . Many species like Alternaria, Aspergillus, Fusarium, Cladosporium and Rhizoctonia are known to be opportunistic and also live as epiphytes. Cabral et al. 7) showed that epiphytic fungi can sometimes invade the substomatal chambers of living leaves and Petrini 31) speculated that such fungi might be able to enter living leaves of plants under stress. Colletotrichum, Phomopsis, Phyllosticta and Xylaria are ubiquitous forms isolated from a broad range of host plants in the tropics 5, 17, 30) . In a study on fungal communities of dry thorn and deciduous forest trees in Southern India, Suryanarayanan et al. 47) recovered Phyllosticta and Phomopsis as dominant fungi from 20 of 24 host plants studied. Colonization rates ranged from 11.5% in C. aromaticus to 92.8% in C. roseus ( Table 2 ). The Shannon-Wiener diversity index was highest in C. roseus (H 1 =1.07) with a maximum of 371 isolates belonging to 25 fungal species and lowest in P. amarus (H 1 =0.58) with 285 isolates belonging to 13 fungal species. Similarly, the evenness index was highest in W. somnifera (J 1 =1.0) with 157 isolates belonging to 16 fungal species and lowest in P. amarus (J 1 =0.52) ( Table 3 ). The fungal species did not differ significantly among the host plants when tested by the Kruskal Wallis method. This may be due to the fact that host plants were affected by the same climatic conditions 40, 49) .
The frequency of fungal species differed significantly between the wet and dry seasons (P≤0.05) as determined with the Wilcoxon Signed Rank test. The number of fungi and frequency of colonization were greater during the wet season than the dry season. This may be because the greater rainfall in the wet season could promote the dispersion of fungal spores. In addition, the moderate temperature would allow for greater viability of the fungal propagules and there- 12, 17, 49) . In the present study, the occurrence of Cytosphaera sp. in C. roseus and A. pullulans in P. amarus as dominant isolates supports the host preference of fungal communities. Such specificity has been reported for many hosts including grasses 9) , orchids 5) and forest trees 2, 13, 34) . Cannon and Simmons 8) predicted the degree of host specificity in the tropics is to be low. However, the host preference of some fungi in the present study might be due to the capacity to utilize substrates within the hosts. Although the present study deals with the diversity of fungal communities associated with some medicinal herbs, the actual diversity may depend on the methods used for gathering and handling leaf samples, size of the leaf fragments and culture medium. The total number of species and frequency of colonization can be determined with the combined use of molecular and culturebased methods, using a proper sample size, since many microorganisms do not grow on artificial culture media and are difficult to identify in culture 16, 25) . A great diversity of fungi was seen among the host plants studied, which include some ubiquitous forms along with some host-specific species. The role of these fungi within the hosts is still unknown. Benefits to host plants such as the antagonism of pathogenic fungi or insects through mutual interaction could be speculated. Fungi of these host plants may have pharmaceutical potential. In this regard, investigations of the interactions of these plants and their symbiotic fungi would be the next direction for future research.
